INTRODUCTION
The foundation of genetic transformation is the existence of an effective regeneration and transformation system and gene useful constructions for practice. Different transformation systems are often based on somatic cultures. To induce somatic embryogenesis and to regenerate transgenic plants numerous methods can be used. Among these, essential differences are noticeable in the parts of plant used for induction, the medium with different combinations of plant growth regulators. Different types of explants have been tested for their ability to produce somatic embryos under induction conditions, such as anthers (Perrin et al., 2004) , leaf discs (Harst 1995) , ovaries (Kikkert et al., 2005) and petiole-derived callus (Martinelli et al., 1994) . However, somatic embryogenesis remains genotype dependent Crossbreeding to obtain frost tolerant and disease resistant grapevine varieties has been carried out in Hungary for decades. However, it has proved to be difficult to get newly George' genotypes with nptII/GUS genes. In their experiments they obtained genetically transformed grapevine plants from embryogenic cultures regenerating well.
Abiotic and biotic stresses have a significant effect on plant productivity. Under stress conditions rapid accumulation of reactive oxygen species (ROS) starts inside the cells.
Production of the hydroxyl radical (OH·), which is the most harmful one, depends on the presence of free iron in living cells (Halliwell and Gutteridge, 1986 Trp into indole-3-acetamide, which IaaH converts into indole-3-acetic acid (Inzé et al., 1984) .
Loss of either enzyme prevents auxin production. Ipt converts AMP into isopentenyl-AMP, a cytokinin (Winans 1992 Agrobacterium appear in the transformed cells (Burr et al., 1998) .
AIMS OF OUR STUDY
1. Induction and propagation of embriogenic callus in different culivars.
2.
The increase of regeneration efficiency.
3.
Genetic transformation experiments with different gene constructions to obtain crown gall and oxidative stress resistant plants:
• To obtain 'Richter 110' transgenic plants overexpressing alfalfa ferritin gene using EHA105(pRok2Ferr) vector.
• 
MATERIALS AND METHODS

Induction and propagation of embryogenic callus
Induction of embriogenic callus was started from anthers collected before blooming Table 1 ).
We aimed to homogenize the embryogenic material derived from 'Teleki 5C', 'Richter 110' and 'Chardonnay' anthers, applying MSNOA liquid medium (Table 1) in dark conditions. In our experiments we tested the effect of 5 µM NOA (2-naphtoxy-acetic acid) in the medium containing a certain amount of maltose and glycerin described by Mauro et al.
(1995). The homogenous calli propagated in the suspension medium were placed onto solid MS/2 medium after 2 weeks. In control experiments embryogenic callus of the three cultivars from MSE medium was used. Their further growth was observed on solid MS/2 medium and was compared to the materials derived from suspension medium. 
Grapevine transformation experiments using MsFerr, iaaM and virE1 genes
For transformation experiments the anther derived embryogenic culture of 'Richter 110' was used. Somatic embryos were induced on hormone-free solid MS/2 medium ( Table   1 
Plant regeneration and acclimatization
Germinating embryos were isolated and transferred separately to new tubes containing MS/2 medium without antioxidants and they were exposed to light (16 h, 24°C) to induce shoot development.
During the selection we obtained a lot of putative transformed embryos showing developmental disorder. We exposed the abnormal embryos transformed with EHA105(pRok2Ferr) construction to various treatments in order to restore the normal shoot formation.
In our experiments we have tested the MS/2 medium containing no selection agent (after two-year selection), applied both 0.22 mg/l BA and kanamycin (selection agent), and cut the abnormal embryos under the hypocotyl keeping them on selection medium further.
To propagate regenerated plants shoots were cut with two buds and transferred to tubes containing antioxidant-free MS/2 medium. For hardening microcuttings with two buds including the shoot tips were planted into jars filled with approximately 50 ml perlite, 4x4x4
cm Grodan rockwool (www.grodan.com) and with 3x3x4 cm pit-pot blocks (www.pitpot.com) moisted with tapwater. In control experiments microcuttings were rooted in tapwater solified with 6 g/l agar. From this time the lids were gradually opened. After four to five weeks completely hardened, rooted plants were obtained that were ready to transfer into soil (peat:sand:perlit=1:1:1) for further growth in the greenhouse.
Detection of integrated DNA by PCR analysis
Plant DNA was isolated from young leaves of in vitro grown plants by Qiagen Easy was used as negative control (Szegedi 1981) .
RESULTS
Induction and propagation of embryogenic callus
The variability of embryogenesis among genotypes is important, so 12 genotypes were investigated for initation of embryogenic callus. After three months, in 11 genotypes we successfully obtained anther derived embryogenic callus with the range of 0,25-12 % ( Table   2, * Cultivars for which embryogenicity was first reported in this work. 4,46 ± 7,08 9,17 ± 5,84 1,5 ± 3,64 0,25 ± 0,79 'Kékfrankos' 7,8 ± 3,67 0 12 ± 6,02 1,25 ± 0,7 'Korai bíbor'* 1,25 ± 1,37 0 2 ± 3,26 0 'Pannon frankos'* 0 0 11,08 ± 7,81 0 'Rajnai rizling ' 4,2 ± 3,75 0 2,5 0 'Teleki 5C' 5 0 0 6,67 ± 5,2 * Cultivars for which embryogenicity was first reported in this work.
Comparing the two tested sterilization treatments of flower buds for induction of embryogenic calli in case of 'Chardonnay' cultivar we concluded that the procedure with Ca(OH) 2 solution is as effective as the treatment with NaOCl. CPE medium proved applicable to propagate embryogenic callus in case of 'Richter 110'. On CPE medium the propagated calli differed in morphology from calli on MSE medium, which explicable with the selection and proliferation of embryogen structures and necrosis of non-embryogen structures.
Effectivity of plant regeneration is highly affected by the quality of starting material.
Using liquid medium containing 5 µM NOA we achieved homogeneous 'Richter 110', 'Teleki 5C' and 'Chardonnay' embryogenic cultures propagated rapidly and contained cells with small vacuoles. The cultures after the two week period in MSNOA liquid medium regenerated more rapidly on hormone-free solid medium, than to the cultures kept on MSE medium earlier.
Grapevine transformation
We have carried out genetic transformation experiments using EHA105(pRok2Ferr) 
Plant regeneration and acclimatization
We carried out plant regeneration until we got enough plants for the further experiments.
Shoot formation of pRok2Ferr transformed 'Richter 110' embryos was best restored by using 0.22 mg/l BA in the selection medium (Table 4 ) and cutting the abnormal embryos under the hypocotyl. Applying these methods we observed the recovery of shoot development of embryos that showed developmental disorder due to the transformation process. Plants with shoot and root were propagated and hardened to greenhouse conditions. In the experiment when microcuttings were tested using four different rooting media, both pit-pot blocks and perlite promoted rapid rooting of microcuttings, but proper rooting of 'Richter 110' microcuttings was observed when perlite was used. 
Oxidative stress resistance of transgenic lines
In case of two transgenic lines we found an increased tolerance to oxidative stress effects, which suggests the protective role of ferritin in grapevine leaves. Untransformed 'Richter 110' leaves lost about half of their maximum photochemical yield upon exposure to 1 µM paraquat with further decrease at higher concentrations. In F7 and F9 transgenic lines accumulating the alfalfa ferritin in their chloroplasts, however, the extent of this decrease was lower, and these leaf disks retained more than half of their F v /F m even at 4 µM paraquat concentration ( Figure 1 ).
Figure 1
Changes in photochemical yield of grapevine leaf disks upon exposed to various concentrations of paraquat in the light. Richter110: 'Richter 110' untransformed rootstock cultivar; F7, F9: transgenic plants.
Agrobacterium resistance experiments
From 21 pJP17 transgenic lines eight showed resistance (no tumor formation) to A.
tumefaciens A348 of which the silencing contruct was derived from. Three out of these lines showed resistance to A. vitis AT1 as well. All lines were susceptible to A. tumefaciens C58,
A. vitis Tm4 and S4. Thus no line showing resistance to all of the agrobacteria tested was found, which shows that crown gall resistance induced by the oncogene silencing construct pJP17 is highly specific to the strain the hormone genes are derived from. 
